When heat-activated spores of Bacillus megaterium germinated in glucosecontaining medium, 10 to 30% of the glucose was found to be oxidized to gluconate.
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When heat-activated spores of Bacillus megaterium germinated in glucosecontaining medium, 10 to 30% of the glucose was found to be oxidized to gluconate.
ATP and reduced nicotinamide nucleotide levels in dormant spores are extremely low compared to those in vegetative cells (14) . In the first minute of spore germination, however, ATP production (14) and nicotinamide nucleotide reduction (15) take place. In the very early stage of germination (0 to 5 min) in the glucose-containing medium, endogenous energy sources like 3-phosphoglycerate were reported to contribute anaerobically to a sharp increase in ATP (14) . On the other hand, the authors observed that the presence of glucose in the germinating medium caused an increase in oxygen consumption several times in the first 5 min of germination, which suggested that glucose was oxidized actively in the very early stage of germination. In this note we attempted to find out how soon glucose catabolism started and in what rate glucose was distributed into each catabolic pathway after initiation of germination by using the radiorespirometric method and also by measuring metabolic intermediates.
Bacillus megaterium QMB1551 was preincubated in the liquid medium (12) . Spores were obtained by smearing the preincubated vegetative cells on the agar medium, the composition of which was the same as the liquid medium but contained 1.5% agar, and incubation was at 370C for 3 days. Spores were harvested with a small amount of cold redistilled water, washed three times, lyophilized, and stored at room temperature. Spores were suspended in distilled water and activated at 600C for 15 min. Germination was initiated by adding the heat-activated spores to the prewarmed medium. In the radiorespirometric method, 14CO2 production was initiated by adding 10 mM glucose containing 37.5 nCi of [14C] glucose to an apparatus (9), which contained 0.25 mg of heat-activated spores and 50 mM phosphate buffer (pH 7.5) in a final volume of 0.25 ml. At a certain time interval, 0.2 ml of 7.5% HCl04 was added to stop enzyme reaction and to release 14CO2 from the assay medium. To measure internediates, 80 mg of heat-activated spores was added to 40 ml of the prewarmed glucose-phosphate buffer medium or the FCG medium (5), which contained NH4Cl as a nitrogen source. Portions of the incubation mixture were centrifuged after certain time intervals, and the supernatant was used for enzymatic assay of glucose (2), glycerol (18) , lactate (8) , pyruvate (4), gluconate (11) , and acetate (3). Acetoin was measured by a chemical method (10) .
As shown in the insert in Fig. 1 , catabolism of glucose started before reduction in the optical density reached its maximum. During the first 15 min, there was not much difference between 14CO2 production from [3,4-'4C] glucose and that from [1-14C] glucose. After 15 min, differences in the activities of the glycolytic and the phosphogluconate pathways became more significant and glycolytic activity continued to increase, whereas 14CO2 production through the phosphogluconate pathway stayed at a lower level and stopped at 45 min. 14CO2 production from [6- 14C]glucose was very small during the experimental period. These results coincided well with the data by Goldman and Blumenthal using Bacillus subtilis (6) and Bacillus cereus (7) .
When the sum of glucose catabolized via three pathways and the amount of glucose utilized from the medium were compared, the latter figure was found to be approximately 1.5 times bigger than the former one at each time interval. As it was probable that metabolic intermediates, which did not bring about 14CO2 production, were accumulated in the medium, glycerol, pyruvate, lactate, and acetoin were measured. As the final product via glycolysis, acetate was also measured. Acetoin was not detected throughout the experimental period. As shown in Table 1 Fig. 2 . Glucose utilized from the medium was more than the glucose catabolized by three catabolic pathways in the FCG medium. As a pos-sible metabolite to fill up this gap, gluconate, the product of glucose dehydrogenase, the activity of which was reported to be high in spores of Bacillus species (1, 13, 17) , was measured enzymatically. As shown in the insert in Fig. 2, glu was 8.4 times more than that in the glucosephosphate buffer medium. When gluconate was included in the total metabolized glucose, the amount of glucose utilized from the medium and that of total metabolized glucose coincided well in both media at each time interval (Fig. 2) . Shay and Vary reported that a minor amount of gluconate was formed within 5 min of germination (16) .
As small amounts of high-energy phosphate compounds are known to exist in the dormant spores, phosphorylating glucose at the expense of ATP is disadvantageous to germinating spores. Ifglucose is oxidized directly to gluconate by NAD(P) and, thus, the formed NAD(P)H is reoxidized through the electron-transport system, the organism will be able to produce ATP efficiently without spending high-energy phosphate bonds for glucose phosphorylation.
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